Abstract-The last few years has seen the use of mobile technology become ubiquituos. Many millions of citizens around the world own smartphones, which they use for both personal and business applications. The majority of smartphones are designed towards Location-based Services (LBS). Consequently these smartphones have on-board GPS devices with the ability of locating the user to an accuracy of a few meters. While at the begining of the growth in popularity of smartphones and LBS technologies most users simply consumed services: where is the nearest coffee shop or subway station? Today, citizens are generating spatial data and information at ever increasing volumes. Examples include: georeferenced photographic collections, location-based social networking such as FourSquare, and volunteered geographic information (VGI). VGI is an exciting movement whereby citizens collect spatial data and information about (their own or another) locality. This content is then shared in collaborative projects such as OpenStreetMap, Geonames, Google Maps Mashups, or WikiMapia. This paper explores the risks involved in using this user-generated spatial data and information with specific emphasis on OpenStreetMap. Most citizens are not specialists in geographic surveying or cartography. Our paper provides results of a large case-study of high edit geographical features. We show that user generated spatial data is a very dynamic but has many inconsistencies.
INTRODUCTION
Only two years ago the emergence of micro-blogging, such as Twitter, caused Google to admit that it "was losing out to engines such as Twitter in the race to meet web user demand for real-time information" [1] . Only a short number of years ago the Internet employed the standard providerconsumer model. Content providers produced information and services and these were consumed by end-users. This was also the case for the provision of spatial data and cartographical products and services. Traditionally, as Diaz et al [2] comment, provision of spatial data and information on the Internet followed a top-down approach. This scenario mirrored the provider consumer paradigm where only official providers like National Mapping Agencies (NMAs) and other environmental agencies, centrally, managed and deployed data and information resources according to their institutional policies. At this time end users were limited to a pure consumer role [2] . Recent advancements in web technologies have enabled new ways of participation on the web. Collaborative web applications (CWAs) have become a pervasive part of the Internet [3] . Topical forums, blog/article comments, open-source software development, and wikis are all examples of CWAs that enable a community of end-users to interact or cooperate towards a common goal. It is not surprising to see how the web has changed the way we communicate, how we do our daily routines, and even our social behaviour. Citizens, experts and non-experts alike, are increasingly participating in the process of generating continuous information and collaborating with others in problemsolving tasks. This highlights the transition of the role of users from just mere data consumers to active participants and providers [2] . VGI has built upon the rapid success of user-generated content on the Internet. Social media carries the advantages of low cost, rapid transmission through a wide community, and user interaction. The crowdsourced approach of OpenStreetMap derives its success from citizens mapping and collecting data and information about their locality. Features being mapped include the location of garbage cans, pedestrian crossings, land cover types, shops, education facilities, to government buildings, roads and river networks. The specific aim of the paper is as follows. Citizens can: collect their own spatial data and information, submit it to a CWA such as OpenStreetMap, and then allow it be used by 3rd parties in web applications, web services, and research. What are the risks associated with this new Web 2.0 evolution of the producer-consumer model?
II. LOCATION BASED SERVICES
Location based services (LBS) are a "killer application" [3] in mobile data services thanks to the rapid development in wireless communication and location positioning technologies. This ubiquitous computing paradigm brings great convenience for information access. People with Internet-enabled wireless devices can find out information like: Where is the nearest coffee shop? What time is the next bus at this station? Where is the highest rated seafood restaurant in town? The constraints of mobile environments, the spatial property of location-dependent data, and the mobility of mobile users pose a great challenge for the provision of location-based services to mobile users. The issue of access to geospatial data for LBS is unlikely to disappear in the near future [4] . LBS are often cited as one service likely to continue driving the development of the "Mobile Internet". Irrespective of the range of services encapsulated by the broad "LBS" term some authors [5] comment that "all LBS will continue to require spatial data management capabilities to link position information with other data sources". Other authors [6] remark that "ultimately the utility of LBS will be measured by their ability to meet user needs" in the application domain where "content is king [6] . The requirements from the LBS technological and user communities for better access to geospatial data can become a significant driver for the geospatial information industry to ensure better access to geospatial data in reality. In this paper we have used the term access in its broadest sense to include access in terms of: cost models for access to geospatial data, accuracy of the data, frequency of updates, and the conditions under which developers can "mash up" or integrate this geospatial data with their own data and information.
III. OVERVIEW OF CURRENT RESEARCH
OSM data is collected by volunteers who are members of the OpenStreetMap community who contribute to the OSM database in the following ways: collecting GPS traces and uploading these traces to the OpenStreetMap data using one of a number of official OSM editors; editing other users'GPS traces; tracing geographic features from aerial imagery (Yahoo! and recently Bing); and bulk upload of spatial data which fits into the OpenStreetMap licensing structure. The perceived lack of cartographical, surveying, and GIS skills of contributors has seen spatial quality in OSM become a major issue. One of the drawbacks of the current literature is that most OSM quality studies are performed as ground-truth comparisons. This involves comparative measurement of a given set of characteristics from OSM against some accepted and trusted ground-truth dataset. While this is, of course, an acceptable method of comparison we feel that OSM in it's current form will always perform poorly in such comparisons. The inhomogeneity of coverage of OSM is a major drawback. With this in mind we feel that there is merit in assessing the quality of OSM in isolation and without comparison to a ground-truth dataset. We now provide a list of potentially useful assessments one can make of OSM which could go some way to answering questions about it's quality and/or suitability for a particular application.
• How does an object structurally change over time? How does the representation of the object change over time? [7] , [8] show examples of how object representation in OSM changes radically for some object classes.
• How does the metadata (tags) associated with an object change over time? Gupta et al [9] summarizes different techniques employed to study various aspects of tagging: tagging models, tag semantics, generating recommendations using tags, visualizations of tags, applications of tags and problems associated with tagging usage. Comber et al [10] argues that as the number of nonspecialist users of GI increases and spatial data are used to answer more questions about the environment the need for users to understand the wider meaning of the data becomes crucial. The use of tagging and metadata is part of this process.
• Is a given region R of OSM topologically consistent over it's lifetime or over some time period t1 to t2? The approaches of Corcoran et al [11] for checking and maintaining topological consistency of vector datasets undergoing simplification could be applied here.
• Is a given object O valid over some time period t1 to t2? Are changes in the object O reflected in other objects U within the same neighbourhood or region? Harrie and Stigmar [12] outline a number of measures to quantify map information and distribution of spatial information in a given map.
• Which OSM contributors have edited a given object O or a set of objects? Haklay et al [13] provides a current study of OSM contributor behaviour. They find that the number of OSM objects in an area clearly grows in relation to the number of contributors in the area, but in a non-linear way: most areas only one contributor.
IV. EXPERIMENTAL DATA AND ANALYSIS
OSM data is freely available, in OpenStreetMap XML format, from the GeoFabrik website http://download.geofabrik. de/. This data is updated almost hourly so the most up-to-date version of the OpenStreetMap database is always available. We downloaded the OSM XML data for the United Kingdom and Germany on March 4th 2010. We extracted the 15, 000 most heavily edited ways (polygons or polylines) from the datasets. For each way w we compute a number of characteristics for each version wv of w including: wvn -the number of nodes in wv, wvT -the set of tags (key,value) pairs annotating wv, wvu -the user id of the user who created wv, and wvt the timestamp of the edit of wv. We also store, in the spatial database PostGIS, the geometry g of the polygon or polyline representing wv of w. Tagging has recently become popular as a means for annotating and organizing web content, particularly in the context of community generated media. Tags are collections of keywords that are attached to web content to help describe the entry. Tags are also attached to spatial content in VGI. Park et al [14] remark that in the vast majority of CWA (including OSM to a certain extent) there is no globally agreed list of tags user can choose from. Consequently different users use different tags to describe the same web resources (or spatial features) and even a single users tagging practice may vary over time. OSM does maintain a community agreed list of tags that users can choose from. Figure 1 shows a plot of the number of unique contributors to the 15, 000 features in our case-study area against the number of tags associated with each feature. The number of tags is taken from the final (or current) version of the feature. The plot shows a very interesting pattern (correlation -0.12). As the number of contributors increase there is a decrease in the number of tags assigned to each feature. V. CONCLUSIONS The usage of citizen generated spatial data information is very much use-case dependent. Subsequently, researchers, GIS experts, data managers, etc should be careful about generalising. For OSM, for example, there are many variables and issues to consider before one can definitely say "OSM is a very good choice for X" or a "bad choice for Y". The precise spatial data and information requirements of the task/problem in hand must be carefully considered. We can state with certainty that the variability in coverage of OSM prevents its usage as a homogeneously consistent data source over large geographical areas. We have shown a number of examples, taken from a large subset of OSM, that there is great variability in the: spatial representation, annotation, and number of contributors that each feature has.
